with frequent use; but DOT, TOE, endrin, or dieldrin had not been used on any plot area within the past 4 years. Toxaphene had never been used on the Border Belt and Oxford Research Stations except in small experimental plots, but it had been used each year in some fields at the Central Crops and Upper Coastal Plain Stations. At all locations, except at the Central Crops Research Sta_tion where bulk-curing was employed, the tobacco-was harvested and cured in conventional barns. Tobacco leaf samples were taken Erom the bottom third, middle third, and top third stalk positions. Soils were sampled at random, in the row, between plants to a depth of :15 an shortly alter transplanting. Additional soil samples were taken in November, :1973, at the Border Belt location in :15 an increments to a depth of 75 an. At the time of transplanting in the spring of :1974, tobacco plants and plant-bed soil in which they were grown were sampled at all locations. The soil was sampled to a depth of :15 cm. Tobacco was extracted and analyzed by the method previously reported {3). Forty grams of soil were extracted in a Soxhlet extractor with CHCls:MeOH (9::1, v/v) as a solvent with six solvent turnovers per hour. The extract was filtered through anhydrous Na2S04 and then concentrated to about 1 m.l. The extract was made up to approximately 5 ml with n-hexane and chromatographed on a Florisil column (:,:).
Samples were analyzed' for DOT, TOE, endrin, dieldrin, and toxaphene. The presence of DOT and TOE was confirmed according to the method of Miles (5). Moisture percents of the soil and tobacco were determined and insecticide residues reported on a dry weight basis for soil and a :13°/o moisture basis Eor the tobacco.
RESULTS AND DISCUSSION
All tobacco and most soil samples contained measurable residues o£ DOT and TOE (Table :1 ). The lowest residues of DOT plus TOE in soil and cured tobacco were Erom the Oxford Station. Soils Erom the Upper Coastal Plain Station had the greatest levels of these pesticides but levels found in the cured leaf &om the Upper Coastal Plain Station were second highest after those in the_ leaf from Central Crops Station. DOI: 10.2478/cttr-2013-0397 Levels of DOT and TOE for individual samples ranged from < o.o1 to 0.18 ppm for the soil and from 0.11 to 1.69 ppm for the tobacco. Values for individual samples are not reported. The lowest stalk leaves generally had a higher concentration of DOT + TOE than the middle and upper leaves for the Border Belt Research Station and the Upper Coastal Plain Station. This result is in agreement with that of Rosa and Cheng (8) who reported the greatest concentration of DOT in bottom leaves. Distribution of DOT and TOE residues among leaf positions was variable for other locations, and several samples from middle and upper stalk positions contained DOT and TOE residues that were equal to or greater than those for the low position. Only residues of DOT in the bottom stalk position were correlated linearly (significant at 5 °/o level) with those in the soil. One possible explanation why only bottom leaves were correlated with lhe residues found in the soil is that dust containing DOT might drift from other areas to contaminate the upper portion of the plant more than the lower leaves (i.e., the upper leaves might shield the lower leaves from fallout) and mask the relation between residues in upper leaves and those in soil. The presence of DOT and its analogues were confirmed in the tobacco by converting them to 3,4-and 4,4'-dichlorobenzophenones. In general, the values obtained for the dichlorobenzophenones were in good agreement with those of DOT and TOE. In addition, the residue levels of DOT-TOE found in this experiment were similar to those reported for tobacco from the 1972 auction market (2) . Therefore, as previously speculated, most of the DOT-TOE residues found on the 1972 tobacco offered for sale by farmers probably were a result of contamination, especially from the soil in which the tobacco was grown. Analyses of soil samples taken in November of 1973 from three of the experimental fields to depths of 75 cm showed that the greatest concentration of DOT was in the upper 15 cm and none was detected between 30 and 75 cm below the surface. Hence, we concluded that the surface. soil was a greater potential source of DOT residue than soil below 30 cm. If one assumes that the insecticide was uniformly distributed in the upper 30 cm of soil, then a cylinder of soil with a diameter of 30 cm, a depth of 30 cm and a density of 2.6 g/cm 8 would contain approximately 2200 11g of DOT plus TOE based on the average concentration of these insecticides in the soil at the Border Belt Station ( Table 1 ). The above-described cylinder is similar in volume to the 30.5 by 30.5 by 20 cm rectangular solid of soil which was permeated by the root system of a tobacco plant within 4·5 weeks after transplanting (4). A vigorous tobacco plant could produce about 225 g of cured tobacco. At the Border Belt Station the average residue in the cured leaves over all stalk positions was approxi-· mately 0.4 ppm or 90 11g. This is only about 4 percent of the total residue (2200 11g) found in the soil cylinder. Hence, there was sufficient insecticide available to the plant so that uptake by the roots could be a major source of the residue found in the leaves. The greatest concentration of DOT, from uptake by tobacco from soil treated -with this insecticide, was found in the roots and only about 10 percent or less was present in the leaves {8, 9). Flowing under of roots and stalks after harvest of tobacco leaves is a recommended practice. Although the residue levels in the field could be lowered by removal of all plant parts after harvest, it would not be practical to remove the root system. Rosa and Cheng (9) suggested that cycling of DOT between soil and the root would tend to prolong its persistence. Therefore, DOT and TOE residues may persist at low levels for some time but will also decrease as the levels in the soil decrease. Since tobacco plant beds were heavily treated with DOT in the past, they were sampled in 1974 to. determine if contamination of plants could occur before transplanting. Residues in plant-bed leaves appeared to be related to levels in plant-bed soils (Table 2} ; however, the low residue of DOT found in the young plants from the beds would be diluted by subsequent growth of the tobacco, and plant-bed leaves usually are not harvested in normal operations. Therefore, DOT from the plant bed appears to cause insignificant contamination at the time of harvest. Residues of endrin and dieldrin were low in both the soil and cured leaf. The levels found in this experiment were similar to those reported for tobacc~ sampled at time of sale (2, limit}; yet concentrations in cured leaf from this plot ranged between 0.95 and 1.39 ppm. The closest known applications of toxaphene during the time the tobacco was in the field was > 1.00 m. We assumed that drift was a major cause of contamination of middle and upper leaves by toxaphene. Residues in the soil were correlated with levels found in the tobacco sampled from the bottom and top stalk positions (significant at 1 °/o level). Thus, residues of toxaphene in the soil of these fields may also be a source of contamination. Concentrations of toxaphene Jn the cured leaf, like the residues of the other chlorinated pesticides reported here, were similar to those reported for the 1972 auction market tobacco.
CONCLUSIONS
Although these experiments were not designed to differentiate between possible sources of contamination of tobacco by. chlorinated insecticides, they clearly show that tobacco grown under recommended cultural practices and specific.ally with no direct application of chlorinated pesticides may not generally meet tolerances proposed for one or more of the restricted insecticides.
The residue levels for all insecticides studied here were similar to those reported for our 1972 survey of U.S. auction market tobacco. Therefore, most of the residue found on the 1972 crop could have been a result of indirect contamination from environmental sources, and further reductions in leaf residues of DOT, TOE, endrin and dieldrin may be gradual. Low residues of toxaphene may continue to be found if tobacco is grown on soils containing toxaphene residues or if it is grown in close proximity to other crops that are sprayed with this insecticide. Imposition and enforcement of extremely low tolerances proposed by governments of some European countries would exclude U.S. tobacco from sale to these markets. Modification of the tolerances to permit low levels of pesticide residues resulting from environmental contamination seems a justifiable alternative. Nevertheless, research and educational efforts to minimize residues on tobacco should remain as a major goal.
SUMMARY
Indirect contamination of tobacco by DOT, TOE, endrin, dieldrin, and toxaphene was investigated under field conditions. Levels of DOT + TOE in soil ranged from < o.o1 to 0.18 ppm, and those in cured leaves ranged from o.11 to 1.69 ppm. The lower stalk position at the major test location generally had greater concentrations of DOT + TOE than the middle and upper positions, but distribution of these insecticides among leaf positions was variable for other locations. Residues of DOT in the bottom stalk position were positively correlated with those in the soil. Plant-bed soils did not appear to be a major source of DOT + TOE residues in cured tobacco. Residues of endrin and dieldrin were near or below the limit of detection (o.o1 ppm) in soil and cured leaf. Residues of toxaphene ranged from < 0.1 to 4·7 ppm in soil and < 0.3 to 7·7 ppm on tobacco. Toxaphene residues in the bottom and top stalk positions were positively correlated with residues in soil. Contamination by toxaphene appeared to be attributable to uptake from soil and to movement of the insecticide as drift or vapor through the air. 
